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I :\TIWlll'CTIO:\ I t has become common practice to add magnesium to parenteral fluids as both a prophylactic and therapeutic measure. Three cases are presented where administratioll of magnesium sulphate during parenteral nutrition in the presence of compromised renal functioll resulted in hypermagnesaemia.
Case]
"'I. previously wdl ,6 year old man underwent operation on Gth June, J9,-1, for a ruptured abdominal aneurysm, when a dacron graft was inserted. During the procedure the left renal \'ein was divided, but othen\'ise the operation was routine and successful.
One day postoperatiYelv he was admitted to Intensive Care disorientated, unco-operative, in impending respiratory failure due to sputum retention, and with ri,.;ing serum creatinine and urea levels in the presence of normal \'olumes of urine, Added to these problems were a persistent ileus and a serum bilirubin which rose to ] 1·;) mg per 100 ml before gradually descending. His complete ileus necessitated parenteral nutrition. He progressed slowly over several weeks eventually recovering completely. Table ] shows values for blood urea and creatinine, urine volume, urinan' magnesium loss, and magnesium given over 'the period in question. It will be noted that in spite of normal output of urine his urea and creatinine values rose and subsequently descended to normal values some weeks later. While being given standard amounts of magnesiulll he developed a serum leYe:l of ~.-le :'IimoJiI (normal 0',-0 .!) l\Il1loU) which quickly declined over subsequent days after cessation of :\Jg administration.
Onc of the predominant features of his clinical course was his continuing disorientation and drowsiness. He had several possible causes but it is quite probable that his high scrum magnesium contrihuted.
Subsequently the patient recovered his normal faculties and was a rational and apparently intelligent man. It is also possible that the magnesium levels were partly responsible for the slowness of his bowel to recover normal function.
Case .'!
A 6-le year old man ruptured his lower uesophagus while vomiting and underwent a repair operation on 20th June, ] 97 -1. Subsequently he developed a mediastinitis which eventuallv led to his death from uncontrolled sepsis thr~e weeks after admission. He developed respiratory and liver failure associated with the sepsis.
From the first post-operative day his biochemistrv revealed renal failure in the presence of norma'! urine output (Table2). The creatinine and urea levels were reasonablv stable until the LJth day when they started to ~ise more rapidly.
Cntil this stage, in spite of receiving .32 :\lmol of magnesium per day for the previous two weeks, the serum magnesium was just above normal (1 ·05 :\Imol/l), The amount of magnesiulll in the urine on the 15th da \' was 6·63 :'IImol in 2,HI0 mls urine. Froni' this day ol1\\'ard the urea and creatinine rose rapidly still in the presence of normal urine output, until daily haemodialysis was started on the 18th cla,:. T n spite -of dialysis, his serum Anaesthesia ami IlIt!'llsivi' Ca,.t', l'ul. 11 I, Xo . . ) .11 ay, 1.975 
Case 3 magnesium was still up to 1·5 Mmol/l on day 20. His urine output decreased rapidly from the time dialysis was commenced. It is apparent in this case that as the marginal renal failure became more severe so renal handling of the magnesium suddenly diminished.
A 73 year old man was admitted in oliguric renal failure on 23rd July, 1973. He had a past history of carcinoma of the prostate gland and urinary symptoms. His blood urea was 80 mg/lOO ml on admission. Investigation showed bilateral ureteric obstruction. A left pyelolithotomy was carried out following which he had a diuresis and his renal function improved considerably. About 10 days post operatively, however, he deteriorated, developing diarrhoea, mild jaundice, hepatomegaly, crepitations in the lung bases and hypotension. He became increasingly uremic with a fixed urine output of 1,000 mljday. Despite frequent peritoneal dialysis and control of his metabolic problems he deteriorated and eventually treatment was withdrawn. Post mortem results showed renal papillary necrosis, coronary disease, and bronchopneumonia.
At one stage it was decided to give some magnesium in conjunction with his modified parenteral nutrition (Table 3 ). An arithmetical error was made and 80 Mmol of magnesium were given daily for three days before realizing the situation.
The highest magnesium level measured was 2·8 Mmoljl; this declined slowly over subsequent days.
DISCUSSION
It has been known for many years that administration of magnesium compounds in the presence of renal failure can lead to hypermagnesaemia. The problem as a clinical entity has arisen again over recent years as the practice of parenteral nutrition with magnesium supplements has become more widespread. With better fluid balance and more sophisticated management of potential acute anuric renal In the the first two cases, the patients had normal urine output and were given standard doses of magnesium, which led to a high serum magnesium level in the presence of obviously compromised renal function. The third case was given larger amounts over three days as the result of an arithmetical error and the serum level went up to three times normal. We routinely measure serum magnesium levels in all our parenteral feeding patients when we give 32 Mmol of magnesium daily (as magnesium sulphate) intravenously. In no case with normal renal function has the serum magnesium level been raised under this regime.
The renal handling of magnesium has been partly elucidated. Micropuncture and microperfusion studies suggest that Mg is actively re absorbed in the proximal and distal tubule. There is no good evidence of Mg secretion by the renal tubules in man. A limited capacity for the tubular reabsorption of magnesium has been demonstrated (Massry and Coburn 1973) . Intravenously injected Mg is excreted almost exclusively in the urine; more than 80 per cent can be recovered frem the urine during the first Anaesthesia and Intensive Care, Vol. Ill , No. 2, May, 1.'17.; 24 hours, most of it within four hours after injection. If more than 20-25 per cent of an intravenous or instramuscular dose given in divided doses during the day is retained, some degree of Mg deficiency may exist (Thoren 1971) .
During ingestion of a magnesium deficient diet or in a magnesium deficient state, magnesium virtually disappears from the urine; the kidney showing marked powers of conservation.
It is possible that Ca, Na and Mg ions compete for a common transport mechanism across the renal tubules, with the absolute increase in transport of one ion responsible for the reduced reabsorption of the other two. Infusion of saline augments excretion of Magnesium. Hypermagnesaemia inhibits reabsorption of Na in the proximal tubule.
Other factors influencing urinary excretion of magnesium include diuretics, metabolic acidosis, ingestion of glucose, ingestion of ethanol, and parathyroid hormone (Massry and Cobum 1973) .
Fractional excretion is a term used to describe the amount excreted in the urine in relation to the filtered load. Fractional excretion of Mg increases as renal function is reduced. The fractional excretion is also affected by an increase in the filtered load produced either by a rise in serum Mg or in filtration per nephron. Since Mg has a maximum reabsorptive capacity (Tm), an increase in the filtered load can cause a rise in its fractional excretion (Massry and Cobum 1973) .
However, in renal failure where glomerular filtration rate is acutely reduced, filtered Mg may fall to levels near or below the Tm level. Presumably this is the principal reason for lack of excretion in the renal failure of these three cases described.
Hypermagnesium has been described in renal failure per se. In chronic renal insufficiency the Mg concentration in serum has been shown to be normal in patients with a glomerular filtration rate (GFR) above 30 m1!min and increased with a GFR below that level (Thoren 1971) . Acidosis may cause an elevated serum level in spite of an intracellular deficit in renal failure and diabetic ketosis (Thoren 1971) . In the three cases described these factors were not relevant. Case 1 and 3 showed a rapid decline of serum levels upon cessation of magnesium input, and Case 2 had acute renal failure but maintained a normal serum level for some time before finally developing a high level in conjunction with sudden deterioration of renal function.
The three highest levels in these cases were 2· 4 Mmol/l, 1· 5 Mmol/l, and 2 . 8 Mmol/l (normal value 0 ,7-0·9 Mmol/l). Our laboratory uses atomic absorption spectrometry for measurement which has a high degree of accuracy. Probably none of these values were high enough to cause clinical symptoms on their own, although it is quite possible that they contributed to some of the confusion and weakness present in otherwise ill patients. Obviously the possibility of much higher levels exists in patients with renal failure, especially when serum Mg levels are not measured. Hypnotic and paralytic effects have been seen at plasma Mg levels of 5 Mmol/l. Impairment of neuromuscular transmission and transmission of impulses via the sympathetic ganglia occurs (Thoren 1971) .
It is necessary to give Mg in parenteral nutrition. Deficiency may occur when renal or gastrointestinal losses occur in the presence of insufficient intake. Parenteral administration of Mg-free fluids in situations like this will lead to deficiency of body Mg in spite of the remarkable ability of the normal kidney to conserve Mg. Furthermore, symptoms and signs of Mg deficiency are more manifest in the presence of normal Na, K, and Ca levels which one would expect with an efficient parenteral feeding programme. Also administration of amino acids and protein to put the patient into an anabolic phase may accentuate Mg deficiency as the ion is required in anabolism.
Mg deficiency has been reported after resection of gangrenous small intestine, colectomy, resection of bowel for regional enteritis, and fistula losses (Thoren 1971) . All these are cases where decreased renal function may occur. If Mg is considered necessary in the presence of compromised renal function, reduction in dosage and frequent monitoring of serum Mg levels should be undertaken.
